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  The purpose of this study is to verify the three stages of students' thinking about phenomena 
involved in "dynamic equilibrium," that is, noticing (I) the classification of phenomena into 
elements, (II) the existence of "two opposite actions," and (III) the fact that the two opposite actions 
are in "equilibrium." Accordingly, we designed and implemented a questionnaire to clarify the three 
stages of students' thinking about the phenomena involved in dynamic equilibrium. The questions 
were on three types of phenomena that could be described by the scientific concept of dynamic 
equilibrium, and students were asked to describe each type of phenomena. The students' 
descriptions were classified according to some evaluation criteria. Consequently, students were 
unevenly distributed across stages (I) to (III). The results revealed that the students' thinking had 
different stages. Among these stages, the most difficult stage was found to be (I) noticing the 
classification of phenomena into elements. This result suggests that while using the scientific 
concept of dynamic equilibrium in instruction, teachers should first mention the events that are easy 
to notice among the elements of the phenomenon, such as the two opposite actions and equilibrium; 
subsequently, teachers should explain the objects that are hard to notice in a step-by-step manner 
to ensure systematic instruction. 
 























で 2012 年に公開されたフレームワーク（A 
Framework for K-12 Science Education: Practices, 
Cross-Cutting Concepts, and Core Idea；以後フレー






































































学習目標としての活用（Jacobson & Wilensky, 2006），
初学者と専門家の理解の比較（Hmelo-Silver & 








1999 年 Vol.40 No.1～2020 年 Vol.60 No.3，『日本
教科教育学会誌』の 1976 年 Vol.1 No.1～2020 年
Vol.42 No.4，『科学教育研究』の 1977 年 Vol.1～






“Journal of Research in Science Teaching”の 1997 年
Vol.34 Issue 1～2020 年 Vol.57 Issue 5，および
“Science Education”の 1997 年 Vol.81 Issue 1～2020
年 Vol.104 Issue 3，“International Journal of Science 
Education”の 1987 年 Vol.1～2020 年 Vol.42 Issue 4
についても調査をおこなった。その他の海外学術
誌についても Scopus，Science Direct（共に Elsevier
が提供する論文抄録・引用文献データベース），
Wiley Online Library（Wiley が提供する論文抄録・
引用文献データベース）によって「cross cutting，
cross cutting concepts，dynamic equilibrium」などの
キーワードを組み合わせた検索をおこなった。 
調査の結果，高校生の化学という限定された領

























































調査対象は，北海道内の公立中学校 1 年生 2 ク
ラス 59 名である。調査問題は，小学校理科の確認
というかたちで，年度当初のオリエンテーション










































しません。その理由を書いてください。（小学校第 6 学年生物領域） 
問題② 
空気がしめっているとき，洗たく物が乾きにくい理由を書いてください。
（小学校第 4 学年地学領域） 
問題③ 
食塩が水に溶ける量には限度があります。その理由を書いてください。（小
学校化学第 5 学年化学領域） 
※生徒に提示した文章に下線は付されていない。
表 2 記述問題の評価基準 










































































表 3 調査問題の解答を評価した結果（N=59） 










2 47 10 
問題
③ 
















































































































































































































































Brandstädter, K., Harms, U., & Großschedl, J. (2012). 
Assessing System Thinking Through Different 
Concept-Mapping Practices, International Journal of 
Science Education, 34(14), pp.2147-2170. 
Bransford, J. D. & Schwartz, D. L. (1999). Rethinking 
Transfer: A Simple Proposal with Multiple 
Implications, Review of Research in Education, 24, 
pp.61-100. 
Bransford, J. D., Brown, A. L. & Cocking, R. R. (Ed.) 
- 97 -
森 健一郎ほか 
(2000). How People Learn: Brain, Mind, Experience, 




https://japanknowledge.com/library/（2020 年 2 月
29 日閲覧） 
Day, S. B. & Goldstone, R. L. (2012). The Import of 
Knowledge Export: Connecting Findings and 
Theories of Transfer of Learning, Educational 




Fick, S. J. (2018). What Does Three-Dimensional 
Teaching and Learning Look Like?: Examining the 
Potential for Crosscutting Concepts to Support the 
Development of Science Knowledge, Science 
Education, 102(1), pp.5-35. 
ガニエ, E. D.・赤堀侃司・岸学 (1989) 『学習指導
と認知心理学』パーソナルメディア. (Gagné, E. 
D.(1984) Cognitive Psychology of School Learning, 
HarperCollins, Australia. 
Goldstone, R. L. & Wilensky, U. (2008). Promoting 
Transfer by Grounding Complex Systems principles, 
Journal of the Learning Sciences, 17(4), pp.465-516. 
Hmelo-Silver, C. E., & Pfeffer, M. G. (2004). 
Comparing Expert and Novice Understanding of a 
Complex System from the Perspective of Structures, 
Behaviors, and Functions, Cognitive Science, 28(1), 
pp.127-138. 
Jacobson, M. J., & Wilensky, U. (2006). Complex 
Systems in Education: Scientific and Educational 
Importance and Implications for the Learning 
Sciences, The Journal of the Learning Sciences, 
15(1), pp.11-34. 
Maskill, R. & Cachapuz, A. F. C. (1989). Learning 
about the Chemistry Topic of Equilibrium: The Use 
of Word Association Tests to Detect Developing 
Conceptualizations, International Journal of Science 
















National Research Council (2012). A Framework for K-
12 Science Education, National Academies Press. 




Sarah J. F., Jeffrey N., & Kevin W. M. (2019a). The 
Need for a Summit for Examining the Potential for 
Crosscutting Concepts to Support Three-
Dimensional Science Learning, In Sarah J. Fick, 
Jeffrey Nordine, Kevin W. McElhaney (Ed.), Summit 
for Examining the Potential for Crosscutting 
Concepts to Support Three-Dimensional Learning 
Conference Proceedings (pp.4-11), The Rector and 
Visitors of the University of Virginia. 
Sarah J F., Lauren B., Ann R., Melanie C., Jason B., & 
Aneesha B. (2019b). Supporting Students’ Learning 
of Science Content and Practices Through the 
Intentional Incorporation and Scaffolding of 
Crosscutting Concepts. ibid. (pp.13-26). 
Schwartz, D. L., & Goldstone, R. (2016). Learning as 
Coordination: Cognitive Psychology and Education. 
In Lyn C., & Eric M. A. (Ed.), Handbook of 
Educational Psychology (Third edition) (pp.61-65), 
- 98 -
理科における「動的平衡」概念に関わる生徒の思考の段階 




Sweller, J. & Cooper, G. A. (1985). The Use of Worked 
Examples as a Substitute for Problem Solving in 
Learning Algebra. Cognition and Instruction, 2(1), 
pp.59-89. 





を拓く小学理科 6 年生用』教育出版，pp.98-99. 
- 99 -
